Abstract. The conversion of exotic germplasm into domestic maize breeding materials is essential to solve the narrow genetic base for maize improvement in China. The present study applied SSR markers and three complementary cluster methods (STRUCTURE, UPGMA and PCoA) to 98 foreign hybridselected lines for effective hybrid breeding. A total of 450 alleles, with an average of 3.98 alleles per locus, were detected. Among 10 chromosomes, there were 13-19 loci and 33-59 alleles with averaged alleles 2.54~3.43 per chromosome. The polymorphism information content (PIC) among 10 chromosomes ranged from 0.4504~0.5582 and 69.4% PIC variation were explained by allele number/Locus. The highest PIC was observed in chromosome 7 (0.5582) and the lowest in chromosome 8 (0.4965). The STRUCTURE clustering analysis grouped the test lines into four subpopulations (i.e. REID, Lancaster, P and Domestic) in accordance with UPGMA and PCoA clustering. The higher genetic diversity were detected among the inbred lines in P and Domestic subpopulations. The allele frequencies, gene diversity and population structure obtained in the present study lead us to conclude that the 98 inbred lines derived from foreign hybrid-selected lines contain extensive genetic variation and are a valuable resource for Chinese maize breeding. The result obtained in the present study will assist in effective utilization of the lines in Chinese hybrid maize breeding programs.
Introduction
Knowledge of genetic diversity and population structure among inbred lines and breeding materials is of great importance for maize hybrid breeding. With the popularization and application of maize hybrids over the past years, the recurrent use of a few elite germplasm lines as parental stock has led to a decrease in genetic diversity among maize breeding materials in China. The introduction of exotic germplasm, using its abundant genetic variation and good agronomic traits, is therefore essential to solve the narrow genetic base for maize improvement in China (Wen et al. Molecular markers can be employed to investigate levels of genetic diversity and population structure among maize inbred lines and breeding materials. SSRs, due to its abundant, highly polymorphic, genome specific, codominant in nature, have found application in analyses of genetic diversity, population structure, gene mapping, and assisted selection for maize improvement (Phumichai et In the present study, 98 foreign hybrid-selected lines were analyzed using 145 SSR loci distributed over the whole maize genome. Our objectives were to estimate the levels of genetic diversity and population structure. The results will be useful to breeders in selecting the best parental combinations for maize breeding program in China.
Research Design and Methods

Plant Materials
The germplasm contained 5 tester lines (Huangzao 4, Dan 340, B73, Qi 319 and Mo17) and 98 maize inbred lines derived from foreign maize hybrid-selected lines (obtained by Liaoning Leiao seed company, China) was used in this study. The pedigree and/or origin information can be found in Appendix 1.
SSR Markers and Genotyping
Genomic DNA was extracted from approximately 200 mg fresh leaf tissue using the cetyltrimethylammonium bromide (CTAB) method (Saghai-Maroof et al., 1984) . A total of 500 SSR primers, which were distributed evenly over the 10 maize chromosomes, were selected and synthesized according to the information available in the MaizeGDB database (http://archive.maizegdb.org/). PCR amplifications were carried out in 10 mL reaction volumes containing 1 μL template DNA, 2 μL each of 2.5 mM primer, 5μL 2×Taq Master Mix, 0.1μL of 5 units μL -1 Taq DNA polymerase, 0.4μL 10 mM dNTPs and , dH2O 2μL. PCR protocols consisted of 32 cycles of 94℃ for 45s, an annealing temperature at either 45, 50, 55 or 60°C depending on the individual SSR primers for 45 s, and 72°C for 60s, and a final extension step of 72°C for 10 min. PCR products were analyzed by 8% polyacrylamide gel electrophoresis (PAGE) and visualized by silver staining.
Genetic Diversity Analysis
For each SSR locus, polymorphic bands were scored as 1 or 0 for presence or absence of the bands at the same mobility, respectively. Gene diversity (PIC) was calculated for each marker according to the formula: PIC=1-∑fi2, where fi is the allele frequency for the i-th locus summed across all alleles for that locus. The program PowerMarker v3.25 and Excel was used to calculate allele number, allele frequency, and gene diversity of each locus (Liu et al., 2005 
Population Structure Analysis
The STRUCTURE v2.3.3 were employed to assess the population structure of the 98 maize inbred lines using the Bayesian model-based approach (Pritchard et al., 2000) . The number of subgroups (K), with each K repeated five times, was ranged from 1 to 12, with burn-in of 100,000 and run length of 100,000. We used the ad hoc criterion △K related to the second order rate of change in the log probability of data (LnP(D)) to determine the most probable K value (Evanno et al., 2005) .
To examine genetic relationships among the 98 maize inbred lines, the data matrices of the genetic similarity were used to create the dendrogram using UPGMA clustering with the computer software NTSYS-pc v2.2 (Rohlf 2009). Principal coordinate analysis (PCoA) was also employed to reveal relationships among the 98 inbred lines using the software JMPversion7.0 (SAS Institute Inc., Cary, NC, USA).
Data Analysis and Results
A total of 500 SSRs, randomly distributed across the maize genome, were used to evaluate the genetic diversity of the 98 maize inbred lines. Finally, 145 SSRs with clear, stable and specific bands were selected to scored on the 98 lines, with an average of 3.98 alleles per locus (range of 2-7). The PIC for all loci ranged from 0.2130 (umc1271) to 0.8316 (bnlg1666) with an average value of 0.5067 (Appendix 2). The higher PIC values indicated the high variability of SSRs, and also a large genetic difference among the 98 maize inbred lines.
The SSRs among 10 maize chromosomes ranged from 11 to 19 with allele number from 33-59 (Table 1 ). The highest allele number was detected on chromosome 1 (59 alleles), followed chromosome 6 (51 alleles), and the lowest on chromosome 8 (33 alleles). For all chromosomes, there were 13-19 loci and 33-59 alleles with averaged alleles 2.54~3.43 per chromosome. The PIC among 10 chromosomes ranged from 0.4504~0.5582. The highest PIC was observed in chromosome 7 (0.5582) and the lowest in chromosome 8 (0.4965). There usually was a positive linear relationship between the polymorphism information content (PIC) and number of alleles within a given range. Simple correlation analysis indicated that the PIC was significantly and positively correlated with the number of alleles (r=0.6566, p<0.001) (Fig. 1) . The allele number/Locus (x) could explain 69.4% PIC variation (y) estimated by a curvilinear regression equation (y =0.3286 ln (x) +0.1551 (1<x<8), R 2 =0.6937).
Figure 1. Plot of PIC vs. number of alleles per SSR locus Population Structure Analysis {tc "5.2.3 Analysis of population structure of mazie core collection" \l 000003}
STRUCTURE V2.3.3 software was employed to assess the population structure of 98 inbred lines based on 145 whole-genome unlinked SSR markers. LnP(D) progressively increased as K (2-10) increased and no obvious inflexion point was observed, which LnP(D), in this case, may not be suitable to estimate the true K value (Fig. 2) . The peak of △K was observed at K=4, suggested that the 98 inbred lines were fell into four sub-populations (Fig. 2) . Based on the maximum membership probability, 98 inbred lines were assigned into 4 subpopulations (Reid, Lancaster, P, Domestic) (Fig.3) The similarity coefficient among 98 maize inbred lines ranged from 0.2692 to 0.9825 and the average was 0.6564. When the similarity coefficient was 0.57, UPGMA cluster analysis also clearly grouped 98 inbred lines into four subpopulations (Fig.4) . Reid, Lancaster P and Domestic subpopulation comprised 36, 32, 13 and 17 inbred lines, respectively. The assignments of 77 inbred lines (78.6% of the total) by UPGMA clustering were consistent with their assignments using STRUCTURE. The principal coordinate analysis (PCoA) based on 145 SSR markers also separated the 98 maize inbred lines into four major groups (Fig.5) . As inferred by STRUCTURE analysis, the inbred lines in Reid were mainly distributed in the lower left of the plot resulting, Lancaster distributed in the upper right, P in the upper left, and Domestic in the upper right. Most individuals within Reid and Lancaster subpopulations were grouped more closely. The inbred lines in P and Domestic were widely scattered, indicating that higher genetic diversity resided in P and Domestic subpopulations. In the present study, all the 98 tested maize inbred lines were derived from foreign hybrid-selected lines. We used 145 SSR markers to screen the population and a total of 450 alleles, with an average of 3.103, were detected. The average polymorphic information content (PIC) value was 0.5067, which was lower than that in Chinese important inbred lines with PIC over 0. In our study, alleles were obtained at the whole genome level ( Table 1) . Chromosome 1 showed the highest allele number (59 alleles) and chromosome 8 the lowest (33 alleles). Therefore, we have thus determined that there is a higher level genetic diversity in the 98 foreign hybrid-selected lines, which has the potential to enhance the genetic diversity of Chinese maize breeding materials. Population structure in the present study was also investigated using three complementary analysis methods STRUCTURE, UPGMA and PCoA based on SSR data. We selected maximum membership probability as the subgroup subdivision criterion, 98 maize inbred lines were assigned into four subpopulations which was in agreement with the assignments obtained by UPGMA and PCoA clustering. Nevertheless, for the 98 tested foreign hybrid-selected lines, the pedigree information was not in accordance with their clustering. In our data, the Domestic subgroup closed to Dan 340 or Huangzao 4 background. This finding can be partially explained by complex genetic background in foreign hybrids. Therefore, it is of significant importance to understand population structure and relationships among inbred lines is for maize improvement.
The allele frequencies, gene diversity and population structure obtained in the present study lead us to conclude that the 98 inbred lines derived from foreign hybridselected lines contain extensive genetic variation and are a valuable resource for Chinese maize breeding. http 
